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OLEUDU\ PHWDGDWD LQ WKH VWXG\ RI WUDGLWLRQDO OLEUDU\ PHWDGDWD $V ZHOO WKH VWXG\ LQYHVWLJDWHV KRZ WKH UHFHQW VKLIW WR WKH QHZ
UHVRXUFH GHVFULSWLRQ VWDQGDUG 5HVRXUFH 'HVFULSWLRQ DQG $FFHVV 5'$ KDV LPSDFWHG WKH FKDQJH LQ OLEUDU\PHWDGDWD UHFRUGV
8VLQJ D FRQWHQW DQDO\VLV DSSURDFK ZH DVVHVVHG YDULRXV TXDQWLWDWLYH DQG TXDOLWDWLYH DVSHFWV RIPHWDGDWD FKDQJH RYHU WLPH LQ
OLEUDU\PHWDGDWDUHFRUGV7KHVWXG\UHYHDOVWKDWLQWKHWLPHVLQFHWKHWUDQVLWLRQWRWKHQHZVWDQGDUGOLEUDU\PHWDGDWDUHFRUGVKDYH
UHFHLYHGDKLJK OHYHORIDWWHQWLRQ IURPPHWDGDWDHGLWRUVDVH[SUHVVHG LQRYHUDOOPHWDGDWDFKDQJH IUHTXHQF\DQGDYDULHW\RI
FKDQJHFDWHJRULHVDQGVXEFDWHJRULHVREVHUYHG5HVXOWVVXJJHVWVWKHPRVWIUHTXHQWO\RFFXUULQJFDWHJRULHVDQGVXEFDWHJRULHVRI
FKDQJH ZLWKLQ WKH OLEUDU\PHWDGDWD UHFRUGV WKH PHWDGDWD ILHOGVPRVW ZLGHO\ DSSOLHG LQ WKH UHFRUGV DQG WKH RQHVPRVW RIWHQ
XQGHUJRLQJFKDQJHVDVZHOODVWKHLQVWLWXWLRQVWKDWPRVWRIWHQPDNHFKDQJHVWRWKHUHFRUGV%DVHGRQWKHFKDQJHVREVHUYHGLQRXU
VWXG\ ZH LGHQWLI\ UHODWLRQV EHWZHHQ VSHFLILF PHWDGDWD FKDQJH FDWHJRULHV DQG VXEFDWHJRULHV DQG PHWDGDWD TXDOLW\ FULWHULD RI
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,QWURGXFWLRQDQGOLWHUDWXUHUHYLHZ
0HWDGDWD PDQDJHPHQW LQFOXGLQJ WKH HIIRUWV RQ HQVXULQJ PHWDGDWD TXDOLW\ LV DQ LPSRUWDQW FRPSRQHQW RI
NQRZOHGJHPDQDJHPHQW0HWDGDWDUHFRUGVZKLFKUHSUHVHQWLQIRUPDWLRQREMHFWVDQGIDFLOLWDWHDFFHVVWRWKHPZLWKLQ
YDULRXV UHSRVLWRULHV WHQG WR FKDQJH RYHU WLPH LQ UHVSRQVH WR HQYLURQPHQWDO FKDQJHV ZKLFK LQFOXGH FKDQJHV LQ
QDWLRQDODQGLQWHUQDWLRQDOVWDQGDUGVIRUUHFRUGFUHDWLRQH[SDQVLRQRIFRQWUROOHGYRFDEXODULHVDQGPRUH/LEUDU\
FRPPXQLW\KDV WUDGLWLRQDOO\GHYHORSHG ODUJHPHWDGDWDGDWDEDVHV WRSURYLGHDFFHVV WR LQIRUPDWLRQREMHFWVKHOGE\
OLEUDULHVDQGUHOLDQFHRQOLEUDU\PHWDGDWDFUHDWLRQDNDFDWDORJLQJVWDQGDUGVIRUPRUHWKDQDFHQWXU\KDVEHHQRQH
RI WKH LPSRUWDQWZD\V WRHQVXUHPHWDGDWDTXDOLW\5HVRXUFH'HVFULSWLRQDQG$FFHVV5'$RIILFLDOO\ UHSODFHG LWV
LPPHGLDWHSUHGHFHVVRUWKH$QJOR$PHULFDQ&DWDORJLQJ5XOHV$$&5DVWKHQH[WJHQHUDWLRQVWDQGDUGIRUOLEUDU\
PHWDGDWDFUHDWLRQLQ7KHQHZVWDQGDUGZDVGHYHORSHGDVLWZDVEHOLHYHGWKDWWKHXQGHUO\LQJIXQFWLRQDOLW\EXLOW
LQWR WKH FRQFHSWXDO PRGHOV EHKLQG LW ± )XQFWLRQDO 5HTXLUHPHQWV IRU %LEOLRJUDSKLF 5HFRUGV )5%5 )XQFWLRQDO
5HTXLUHPHQWVIRU$XWKRULW\'DWD)5$'DQG)XQFWLRQDO5HTXLUHPHQWVIRU6XEMHFW$XWKRULW\5HFRUGV)56$'±
ZRXOGHQKDQFHWKHTXDOLW\RI OLEUDU\PHWDGDWDDQGPDNHLWPRUH6HPDQWLF:HEUHDG\+RZHYHU WKUHH\HDUVDIWHU
5'$ LPSOHPHQWDWLRQ OLWWOH LV NQRZQ DV WR KRZ WKH LPSOHPHQWDWLRQKDV LPSDFWHG WKH TXDOLW\ RI OLEUDU\PHWDGDWD
UHFRUGV
6LQFH WKH OLEUDU\ FRPPXQLW\ UHFRJQL]HV WKDW JHQHUDWLQJ PHWDGDWD UHFRUGV ZLWK ORZHU TXDOLW\ FDQ QHJDWLYHO\
LPSDFWDFFHVVE\GHFUHDVLQJWKHYLVLELOLW\RIUHVRXUFHVZLWKLQWKDWFROOHFWLRQPHWDGDWDFKDQJHWRVXSSRUWTXDOLW\RI
PHWDGDWD UHFRUGV KDV EHHQ HPSKDVL]HG LQ WKH OLEUDU\ FRRSHUDWLYH FDWDORJLQJ SURFHVVHV IRU GHFDGHV HJ 
0HWDGDWD SOD\V D FULWLFDO UROH LQ WKH UHWULHYDO RI LQIRUPDWLRQ REMHFWV LQ ERWK GLJLWDO OLEUDULHV DQG UHSRVLWRULHV
SULPDULO\XVHGIRUDUFKLYDODQGSUHVHUYDWLRQSXUSRVHVDQGWKHIXOOWH[WV\VWHPVLHV\VWHPVWKDWPDWFKWKHWHUPV
XVHG LQXVHUV¶TXHULHV WR WKHXQGHUO\LQJFRQFHSWVRIGRFXPHQWV7KH IXOOWH[W V\VWHP UHWULHYDOV IXQFWLRQZLWK WKH
KHOSRIWKHDVVLJQHGRUDXWRPDWLFDOO\JHQHUDWHGNH\ZRUGVLHWKHWHUPVWKDWUHSUHVHQWWKHFRQFHSWXDOXQGHUO\LQJRI
WKHGRFXPHQWV+RZHYHU LQ WKHGLJLWDO OLEUDULHV WKHUHWULHYDORI LQIRUPDWLRQREMHFWVRU WKHUHSUHVHQWDWLRQRI WKH
REMHFWVHJPHWDGDWDUHFRUGVLQOLEUDU\FDWDORJVVWLOOGHSHQGVRQWKHTXDOLW\RIWKHVXSSOLHGPHWDGDWD1XPHURXV
XVHU VWXGLHV SURYLGH HYLGHQFH WKDW KLJKTXDOLW\ PHWDGDWD LQ LV LQWHJUDO WR LQFUHDVLQJ XVHUV¶ VDWLVIDFWLRQ DQG
LQIRUPDWLRQXVHHJ7KHUHIRUHWRHQVXUHWKDWWKHXVHUVVXFFHVVIXOO\ILQGLGHQWLI\VHOHFWDQGREWDLQLQIRUPDWLRQ
REMHFWV WKDW WKH\ QHHG KLJK TXDOLW\ PHWDGDWD VKRXOG EH SURYLGHG WR GHVFULEH DGHTXDWHO\ LQIRUPDWLRQ REMHFWV
FRQWDLQHG LQ ERWK SK\VLFDO DQG GLJLWDO OLEUDULHV ,Q WKH GLJLWDO OLEUDU\ UHVHDUFK FRPPXQLW\ D YDULHW\ RIPHWDGDWD














OLEUDU\ PHWDGDWD FUHDWHG LQ 'XEOLQ &RUH 02'6 9LVXDO 5HVRXUFHV $VVRFLDWLRQ &RUH DQG RWKHU GLJLWDO OLEUDU\
PHWDGDWD VFKHPHV DQG WUDGLWLRQDO OLEUDU\PHWDGDWD FDWDORJ UHFRUGVFUHDWHG LQ0$5&ELEOLRJUDSKLF IRUPDW7KH
IROORZLQJLQGLFDWRUVRITXDOLW\LQWUDGLWLRQDOOLEUDU\PHWDGDWDUHFRUGVKDYHEHHQVXJJHVWHGE\VHYHUDODXWKRUVXVLQJ
WHUPV IURP FRQWUROOHG YRFDEXODULHV DV RSSRVHG WR IUHHWH[W WHUPVZKHQHYHU SRVVLEOH  SURYLGLQJ WKH VXEVWDQWLDO
OHYHORIGHWDLOWKHDEVHQFHRIW\SRJUDSKLFDOHUURUVHWF7KHVHLQGLFDWRUVPDWFKWKRVHVXJJHVWHGIRUGLJLWDO
OLEUDU\PHWDGDWDTXDOLW\FULWHULDRIFRQVLVWHQF\FRPSOHWHQHVVDQGDFFXUDF\UHVSHFWLYHO\
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0RVWRIWKHGLJLWDOOLEUDU\PHWDGDWDTXDOLW\VWXGLHVLQYROYHFRQWHQWDQDO\VLVRQVWDWLVWLFDOO\VLJQLILFDQWVDPSOHVRI
PHWDGDWD UHFRUGV &ROOHFWLRQOHYHOPHWDGDWD UHFRUGV WKDW GHVFULEH HQWLUH FROOHFWLRQVRI LQIRUPDWLRQREMHFWV DV D
ZKROH DV RSSRVHG WR LQGLYLGXDO REMHFWV FDQ EH H[DPLQHG PDQXDOO\ GXH WR WKH UHDVRQDEOH QXPEHUV RI PHWDGDWD
UHFRUGV WR ZRUN ZLWK )RU LQVWDQFH DV SDUW RI D VWXG\ RI FROOHFWLRQOHYHO PHWDGDWD TXDOLW\ LQ WKH ,0/6 '&&
DJJUHJDWLRQRI WKH8QLWHG6WDWHV ,QVWLWXWH IRU0XVHXP DQG/LEUDU\6HUYLFHV ,0/6IXQGHG GLJLWDO FROOHFWLRQV D
JURXSRIUHVHDUFKHUVFRQGXFWHGORQJLWXGLQDODQDO\VLVRIWKHPRGLILFDWLRQVWKDWKDGEHHQPDGHE\GLJLWDOFROOHFWLRQ
GHYHORSHUVKRXVHG DW YDULRXV FXOWXUDOKHULWDJH LQVWLWXWLRQV WR FROOHFWLRQOHYHOPHWDGDWD UHFRUGV FUHDWHGE\KRVWLQJ
LQVWLWXWLRQV¶VWDII:LWKWKHUDSLGJURZWKRIGLJLWDOOLEUDULHVDQGUHSRVLWRULHVPDQ\RIZKLFKQRZSURYLGHDFFHVVWR
WKHLU LWHPV WKURXJK PLOOLRQV RI PHWDGDWD UHFRUGV WKH HYDOXDWLRQ RI WKLV LWHPOHYHO PHWDGDWD UHOLHV PRVWO\ RQ
FRPSXWDWLRQDODSSURDFKHV7KLVUHVXOWVLQWKHODFNRIPRUHLQGHSWKTXDOLWDWLYHDQDO\VLVRILWHPOHYHOPHWDGDWD
0HWDGDWDTXDOLW\DVVHVVPHQWUHVHDUFKSURYLGHVWKHJURXQGVIRUFRUUHFWLYHDQGSUHYHQWLYHPHDVXUHVWRHQVXUHWKDW
XVHUV FDQ IXOO\ EHQHILW IURP WKH DGYDQWDJHV SURYLGHG E\ PHWDGDWD VHUYLFHV 0HWDGDWD UHVHDUFK VXJJHVWV WKH
LPSRUWDQFHRIH[DPLQLQJPHWDGDWDFKDQJHDVDQLQGLFDWRURITXDOLW\WRKHOSLPSURYHPHWDGDWDTXDOLW\)RUH[DPSOH
D FROOHFWLRQ OHYHOPHWDGDWD VWXG\  LGHQWLILHG WKHPHWDGDWD ILHOGVZKRVH GDWD YDOXHV DUH XSGDWHG WKHPRVW DQG
FRQFOXGHGWKDWVXEMHFWPHWDGDWDLQFOXGLQJWRSLFDOJHRJUDSKLFDODQGWHPSRUDOLVRIWHQWKHIRFXVRIFROOHFWLRQOHYHO
PHWDGDWD TXDOLW\ LPSURYHPHQW HIIRUWV LQ GLJLWDO DJJUHJDWLRQV 7DUYHU DQG FROOHDJXHV FRQGXFWHG RQH RI WKH ILUVW
VWXGLHV ZLWK D VSHFLILF IRFXV RQ PHWDGDWD FKDQJH LQ D GLJLWDO OLEUDU\ 7KLV KLJKOHYHO FRPSXWDWLRQDO DQDO\VLV RI
PHWDGDWD FKDQJH FRPSOHPHQWHG E\ LQGHSWK FRQWHQW DQDO\VLV VWXG\ UHVXOWHG LQ WKH GHYHORSPHQW RI WKH
HPSLULFDOO\JURXQGHGPRGHORIGLJLWDOOLEUDU\PHWDGDWDFKDQJHZKLFKVXJJHVWVWKHWKUHHPDMRUW\SHVRIPHWDGDWD
FKDQJHDGGLWLRQGHOHWLRQDQGPRGLILFDWLRQDQGDYDULHW\RIPRUHVSHFLILFFKDQJHVXEFDWHJRULHVXQGHUHDFK
7KH H[SRQHQWLDO JURZWK RI OLEUDU\ FROOHFWLRQV UHTXLUHV KLJKTXDOLW\ PHWDGDWD WR PDNH PDWHULDOV FROOHFWHG E\
OLEUDULHVIXOO\DFFHVVLEOH+RZHYHUWKHLQYHVWLJDWLRQLQWRWKHOLEUDU\PHWDGDWDTXDOLW\KDVQRW\HWNHSWXSZLWKWKH
GHPDQG IRU LW ,QSDUWLFXODUQR UHVHDUFK VWXGLHV WRGDWHKDYHFRQGXFWHG DQ LQGHSWKFRQWHQW DQDO\VLV RIPHWDGDWD




7KLV VWXG\ HPSOR\HG DQ LQGHSWK FRQWHQW DQDO\VLV RI 0DFKLQH 5HDGDEOH &DWDORJLQJ 0$5& OLEUDU\
PHWDGDWDUHFRUGVFUHDWHGDFFRUGLQJWR WKH5'$PHWDGDWDFUHDWLRQVWDQGDUG7KHUHFRUGVZHUHREWDLQHGIURP
WKH ODUJHVW JOREDO GDWDEDVH RI OLEUDU\PHWDGDWD:RUOG&DW KWWSZZZZRUOGFDWRUJZKLFK DFFRUGLQJ WR LWV












7KH5'$EDVHG0$5&OLEUDU\PHWDGDWD UHFRUGVZHUHVHOHFWHGDVD WDUJHW IRU WKLVVWXG\7KHUHFRUGVIRU
(QJOLVK  ODQJXDJH YLGHR UHFRUGLQJV LQ '9' IRUPDW FUHDWHG LQ (QJOLVK DV D ODQJXDJH RI FDWDORJLQJ ZHUH
FROOHFWHG DW WZR SRLQWV LQ WLPH -DQXDU\  YHUVLRQV RI PHWDGDWD UHFRUGV ZHUH REWDLQHG IURP 2&/&
5HVHDUFKWHDPLQDVLQJOH0$5&;0/ILOHFRQVLVWLQJRIUHFRUGVPDWFKLQJWKHVHOHFWLRQFULWHULD5DQGRP
VDPSOLQJ DSSURDFK ZDV WKHQ XVHG WR DFKLHYH D JHQHUDOL]DEOH VDPSOH RI D PDQDJHDEOH VL]H IRU LQGHSWK




WKH KHOS RI 0$5& (GLW KWWSPDUFHGLQWUHHVHQHWQHW VRIWZDUH DQG PDQXDOO\ FRPSDUHG VLGHE\VLGH XVLQJ WH[W
HGLWRUV$ SUHOLPLQDU\ OLVW RI FDWHJRULHV RI FKDQJH DQG WKHLU VXEVHTXHQW VXEFDWHJRULHVZDV GHYHORSHG IRU0$5&
PHWDGDWDIURPWKHOLVWVXJJHVWHGE\DQRQ0$5&GLJLWDOOLEUDU\PHWDGDWDFKDQJHVWXG\7KHRFFXUUHQFHRIHDFK
FDWHJRU\ DQG VXEFDWHJRU\RI FKDQJH UHSUHVHQWV D FKDQJHRI WKHTXDOLW\ZKLFK IDFLOLWDWHG  WKH  HYDOXDWLRQ  RI WKH
UHFRUGV¶TXDOLW\
7KHUHIRUHWKHOLVWZDVXVHGDVDFRGLQJPDQXDODVZHOODVDPHDVXUHIRUGHWHUPLQLQJWKHFKDQJHVLQWKHTXDOLW\
LQ WKH VWXG\SUHVHQWHG LQ WKLV SDSHU0RUH FDWHJRULHVZHUH DGGHG WR WKLV OLVW EDVHGRQ UHVHDUFKHUV¶ NQRZOHGJHRI
0$5&VWDQGDUGDQGH[SHULHQFHVLQFUHDWLRQDQGHYDOXDWLRQRI0$5&PHWDGDWD
$IWHUFRPSOHWLQJ WKH LQLWLDO WUDLQLQJDQG WKHFRGLQJRI UHFRUGSDLUVQRW LQFOXGHG LQ WKHSULPDU\VDPSOH WKH
GDWDZDV FRGHG LQGHSHQGHQWO\ E\ WKH DXWKRUV RI WKLV SDSHU EDVHG RQ WKH FRGLQJPDQXDO ZLWK RYHUDOO LQWHUFRGHU
DJUHHPHQW RI  )RU HDFK ILHOGZH FKHFNHGZKHWKHU RU QRW LWZDV LQFOXGHG LQPHWDGDWD UHFRUG QRWHG DQ\
FKDQJHLQWKHILHOGGHWHUPLQHGFDWHJRULHVDQGVXEFDWHJRULHVRIFKDQJH)RUHDFKUHFRUGWKHWRWDOQXPEHURIILHOGV
DQG WKH SURSRUWLRQ RI ILHOGV ZLWK FKDQJH ZDV FDOFXODWHG DV ZHOO DV WKH WRWDO QXPEHU RI FKDQJH VXEFDWHJRULHV
REVHUYHGLQWKHUHFRUG:HDOVRFDOFXODWHGWKHQXPEHURIILHOGVZLWKPXOWLSOHLQVWDQFHVRIWKHVDPHPHWDGDWDFKDQJH




SRVWDO FRGHV ZKHQHYHU DYDLODEOH ± ZHUH GHWHUPLQHG EDVHG RQ LQVWLWXWLRQ FRGHV WKURXJK VHDUFKLQJ RI 0$5&
2UJDQL]DWLRQ &RGHV GDWDEDVH KWWSVZZZORFJRYPDUFRUJDQL]DWLRQVRUJVHDUFKSKS )RU JHRFRGLQJ SXUSRVHV
ORFDWLRQ LQIRUPDWLRQZDV XVHG WR GHWHUPLQH ODWLWXGH DQG ORQJLWXGH IRU HDFK LQVWLWXWLRQ XVLQJ WKH %DWFK*HRFRGH
IXQFWLRQ LQ WKH )LQG /DWLWXGH$QG/RQJLWXGHFRP %DVHG RQ JHRFRGLQJ LQIRUPDWLRQ WKH 7DEOHDX WRRO
KWWSZZZWDEOHDXFRPZDV XVHG WR JHQHUDWHPDSV WR LOOXVWUDWH JHRJUDSKLF GLVWULEXWLRQ RI UHFRUG FUHDWLQJ DQG
HGLWLQJLQVWLWXWLRQV
7KHUHVXOWVRIWKHFRPSDUDWLYHFRQWHQWDQDO\VLVRI5'$EDVHG0$5&OLEUDU\PHWDGDWDUHFRUGVDUHUHSRUWHGDQG
GLVFXVVHG LQ WKH QH[W VHFWLRQ 7KH\ DUH IROORZHG E\ SUHVHQWDWLRQ DQG GLVFXVVLRQ RI UHVXOWV RI WKH DQDO\VLV ZLWK




EURDG FDWHJRULHV DQG  VXEFDWHJRULHV RI OLEUDU\ PHWDGDWD FKDQJH IRU 0$5& IRUPDW PHWDGDWD 7DEOH 
LQFOXGHV WKH OLVWLQJRIFDWHJRULHVDQGVXEFDWHJRULHVRIPHWDGDWDFKDQJH UHYHDOHGE\RXUDQDO\VLVDORQJZLWK
H[DPSOHVIURPVSHFLILF0$5&ILHOGVIRUHDFKVXEFDWHJRU\RIFKDQJH6XEFDWHJRULHV7DEOHKDGQRW
EHHQLQFOXGHGLQRXURULJLQDOFRGLQJPDQXDODQGZHUHGLVFRYHUHGLQWKHSURFHVVRIDQDO\VLV$OOIRXUDGGLWLRQDO
VXEFDWHJRULHV EHORQJHG WR WKH0RGLI\ FDWHJRU\ WKH FRGHV LGHQWLI\LQJ WKHVH VXEFDWHJRULHV DUH XQGHUOLQHG LQ
)LJXUH  (DFK FKDQJH VXEFDWHJRU\ FRGH LV VSHOOHG RXW DQG PRUH GHWDLOV RQ HDFK RI WKH VXEFDWHJRULHV DUH
SUHVHQWHGLQ7DEOHWKDWIROORZV)LJXUH
$OWKRXJKZHDVVXPHGDKLJKSURSRUWLRQRI5'$EDVHG0$5&UHFRUGVWRLQFOXGHFKDQJHVWKHILQGLQJWKDW
DOO  UHFRUGV LQ WKH VDPSOH FRQWDLQHG DW OHDVW RQH LQVWDQFH RI PHWDGDWD FKDQJH ZDV XQH[SHFWHG 7DEOH
UHSRUWV WKH WRWDO PHDQ PHGLDQ PD[LPXP DQG VWDQGDUG GHYLDWLRQ RI WKH QXPEHU RI PHWDGDWD ILHOGV SHU
UHFRUG ZLWK LQVWDQFHV RI FKDQJH IRU HDFK PHWDGDWD FKDQJH VXEFDWHJRU\ ,W DOVR SUHVHQWV WKDW WKH $GGLWLRQ
FKDQJH FDWHJRU\ RFFXUUHG WKH PRVW RIWHQ LQ RXU GDWDVHW  RFFXUUHQFHV FORVHO\ IROORZHG E\ WKH
0RGLILFDWLRQ  RFFXUUHQFHV 'HOHWLRQ RFFXUUHG VXEVWDQWLDOO\ OHVV RIWHQ  RFFXUUHQFHV 7KH
0RGLILFDWLRQZDVWKHPRVWYDU\LQJFDWHJRU\RIFKDQJHREVHUYHGLQPHWDGDWDUHFRUGV LQRXUVWXG\ZLWKDKDOI
RIDOOVXEFDWHJRULHVRIPHWDGDWDFKDQJHRXWRIEHORQJLQJWRWKLVFDWHJRU\RQO\VL[VXEFDWHJRULHVZHUH
REVHUYHG IRU $GGLWLRQ DQG  IRU 'HOHWLRQ ,Q RXU GDWDVHW ZH GLG QRW REVHUYH DQ\ LQVWDQFHV RI WKH VL[WK
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2XU VWXG\ UHYHDOHG 7DEOH  WKDW DGGLWLRQ RI D QHZ ILHOG RU VXEILHOG $1) DQG $16 ZHUH WKH PRVW
REVHUYHG VXEFDWHJRULHV RI PHWDGDWD FKDQJH ZLWK D PD[LPXP RI  RFFXUUHQFHV ZLWKLQ D VLQJOH UHFRUG
0D[ $OWKRXJK'HOHWLRQFKDQJHFDWHJRU\ZDVREVHUYHGPXFKOHVVRYHUDOOWKDQ$GGLWLRQDQG0RGLILFDWLRQ
FDWHJRULHVRQHRI LWV VXEFDWHJRULHV±GHOHWLRQRID ILHOG ')±ZDVREVHUYHGTXLWHRIWHQXS WR WLPHVSHU
PHWDGDWDUHFRUG0D[ 6LPLODUO\ZHREVHUYHGDPD[LPXPQXPEHURIILHOGVSHUUHFRUGZLWKLQVWDQFHVRI




RIWHQ±ZLWKDW OHDVW REVHUYDWLRQVRI HDFK FKDQJH VXEFDWHJRU\ LQ5'$EDVHG0$5&PHWDGDWD UHFRUGV
$GGQHZVXEILHOG$16$GGQHZILHOG$1)7UDQVSRVHILHOGVZLWKLQDUHFRUG07)$GGQHZLQVWDQFHRI
DQ H[LVWLQJ VXEILHOG $(6, 7UDQVSRVH PXOWLSOH LQVWDQFHV RI WKH VDPH ILHOG 07,) 7UDQVSRVH VXEILHOGV
ZLWKLQD ILHOG 076$PHQGGDWDYDOXH 0$0''HOHWHD ILHOG ')DQG'HOHWHD ILHOG LQVWDQFH '(),
9DULRXVW\SHVRIWKH$GGLWLRQFKDQJHFDWHJRU\DFFRXQWHGIRUFORVHWRRIDOOPHWDGDWDFKDQJHRFFXUUHQFHV
$VSUHVHQWHGLQ7DEOH$1)KDVWKHKLJKHVWPHDQQXPEHURIRFFXUUHQFHVSHUUHFRUG0 IROORZHGE\
07) 0  D VXEFDWHJRU\ RI 0RGLILFDWLRQ ZKLFK ZDV IRXQG WR EH WKH VHFRQG PRVW ZLGHO\ REVHUYHG








D UHFRUG;;&RQWURO LQIRUPDWLRQQXPEHUVDQGFRGH ILHOGV;;0DLQHQWU\ ILHOGV;;7LWOHDQG WLW OH
UHODWHGILHOGVHGLWLRQ LPSULQWHWFILHOGV;;3K\VLFDOGHVFULSWLRQHWF;;6HULHVVWDWHPHQWV;;1RWH
ILHOGV ;; 6XEMHFW DFFHVV ILHOGV ;; $GGHG HQWULHV RWKHU WKDQ VXEMHFW RU VHULHV OLQNLQJ ILHOGV ZKLFK
UHSUHVHQWUHODWLRQVEHWZHHQLQIRUPDWLRQREMHFWVDQGPHWDGDWDUHFRUGV;;6HULHVDGGHGHQWU\ILHOGVKROGLQJV
ORFDWLRQDOWHUQDWHJUDSKLFVHWFILHOGV(DFKEORFNLQFOXGHVVHYHUDOVSHFLILF0$5&ILHOGV)RUH[DPSOH;;
EORFN LQFOXGHV WKH IROORZLQJ ILHOGV PRVWO\ UHSUHVHQWLQJPDLQ FUHDWRUV RI DQ LQIRUPDWLRQ REMHFW 0DLQ
HQWU\±3HUVRQDOQDPH0DLQHQWU\±&RUSRUDWHQDPH0DLQHQWU\±0HHWLQJQDPH0DLQHQWU\±




$ WRWDO RI  GLIIHUHQW ILHOGV IURPKXQGUHGVRI SRVVLEOH0$5&PHWDGDWD ILHOGVZHUHREVHUYHG LQRQHRU
PRUHRIWKHUHFRUGV2IWKHVHILHOGVOHVVWKDQDKDOIRQO\RFFXUUHGLQDWOHDVWRIUHFRUGVLQWKH
VDPSOH7DEOHVKRZVWKHWHQPRVWIUHTXHQWO\FKDQJHG0$5&ILHOGVDPRQJWKHFRPPRQO\DSSOLHGILHOGV




PRVW RIWHQ FLWHG ILHOGV WKDW ZHUH LQWURGXFHG E\ 5'$ VWDQGDUG 2XU DQDO\VLV UHYHDOHG WKDW WKHVH ILHOGV ±




LQFOXVLRQ RI VXEILHOG ZKLFK LQ WKH FDVH RI )DFHWHG$SSOLFDWLRQ RI 6XEMHFW7HUPLQRORJ\ )$67 VXEMHFW
KHDGLQJVGHQRWHVWKH)$67DXWKRULW\UHFRUGQXPEHU,Q0$5&ILHOGRIUHFRUGVFKDQJHG
$16ZDVDOVRWKHPRVWREVHUYHG$GGLWLRQVXEFDWHJRU\WKURXJKWKHLQWURGXFWLRQRIRSWLRQDOVXEILHOGZKLFK
GHQRWHV WKH DXWKRULW\ UHFRUG FRQWURO QXPEHU 7KH DGGLWLRQ RI VXEILHOG  SRLQWV WR WKH /LQNHG'DWD HIIRUWV
ZKLFKDUHFXUUHQWO\XQGHUZD\7KHKLJKSURSRUWLRQRIUHFRUGVZLWKFKDQJHLQVXEMHFWUHODWHGILHOGVREVHUYHGLQ
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WKLVVWXG\LVLQOLQHZLWKREVHUYDWLRQVRISUHYLRXVVWXGLHVLQGLJLWDOOLEUDU\HQYLURQPHQWHJ=DYDOLQDHWDO
ZKLFK IRXQG VXEMHFW PHWDGDWD WR EH WKH PRVW IUHTXHQWO\ HGLWHG $GGLWLRQDOO\ LQ WKH  ILHOG ZKLFK KROGV WKH















2XW RI WKH  ILHOGV REVHUYHG LQ RQH RUPRUH UHFRUGV LQ RXU GDWDVHW LQ  DQGRU  YHUVLRQPRVW KDYH
H[KLELWHGDWOHDVWRQHPHWDGDWDFKDQJHHYHQWRYHUWLPHEHWZHHQWKHWZRGDWDFROOHFWLRQSRLQWVDQGRQO\ILHOGVRU
OHVV WKDQGLGQRWFKDQJHLQDQ\RI WKHUHFRUGV+DOIRI WKHVHXQFKDQJHGILHOGVEHORQJWR WKHJURXS
;;RI0$5&ILHOGVFRQWUROQXPEHUVHWF WKUHHRWKHUEHORQJWRWKH;;QRWHVJURXSRIILHOGVDQGWKUHH




DGGLWLRQ RI QHZ VXEILHOG DQG WUDQVSRVLWLRQ RI ILHOG LQVWDQFHV DW WKH VDPH WLPH )LJXUH  EHORZ VKRZV WKH
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6LPLODUO\ DVXEVWDQWLDOSURSRUWLRQRI0$5&ILHOGV IRXQG LQ WKH UHFRUGV LQRXUGDWDVHW ±YDULDEOH
0$5&ILHOGVDQGDIL[HGILHOG±ZHUHIRXQGWRFRQWDLQPXOWLSOHLQVWDQFHVRIWKHVDPHFKDQJHVXEFDWHJRU\LQ
WKHVDPHILHOG)RUH[DPSOHPRUHWKDQRQHQHZVXEILHOGZDVRIWHQDGGHG$16WRWKHVDPHILHOGLQWKH
UHFRUG RU GDWD YDOXH ZDV DPHQGHG 0$0' LQ PRUH WKDQ RQH LQVWDQFH RI D  JHQUH ILHOG 7KLV ZDV
REVHUYHGIRURXWRIPHWDGDWDFKDQJHVXEFDWHJRULHV)RUH[DPSOHDVVKRZQLQ)LJXUHPRVWFKDQJHVLQ
ILHOGFRPSULVHGRIWKUHHVXEFDWHJRULHVDGGLWLRQRIQGRUIXUWKHULQVWDQFHRIH[LVWLQJVXEILHOGGIROORZHG
E\ DGGLWLRQ RI QHZ VXEILHOG WKHVH LQFOXGHG VXEILHOG GPRGLI\LQJ LQVWLWXWLRQ RU VXEILHOG E ODQJXDJH RI
FDWDORJXLQJDQGWUDQVSRVLWLRQRIVXEILHOGVZLWKLQDILHOGHJPRYLQJVXEILHOGEDERYHVXEILHOGHHWF
7KH OHIWKDQGSDUW RI)LJXUH  VKRZVKRZ WKH UHFRUG FUHDWLRQZDV GLVWULEXWHG DPRQJ LQVWLWXWLRQV WKDW
FUHDWHGPHWDGDWD UHFRUGV LQ WKH GDWDVHW DQDO\VHG LQ WKLV VWXG\ 7KH WKUHH LQVWLWXWLRQVPRVW DFWLYHO\ FUHDWLQJ
5'$EDVHG PHWDGDWD UHFRUGV IRU '9' YLGHR UHVRXUFHV DUH 86EDVHG XQLYHUVLW\ OLEUDULHV 6WDQIRUG 1RUWK
&DUROLQD 6WDWH DQG 'XNH 7KH ULJKWKDQG SDUW RI )LJXUH  VKRZV KRZ HGLWLQJ RI PHWDGDWD UHFRUGV ZDV
GLVWULEXWHGDPRQJLQVWLWXWLRQVHGLWLQJPHWDGDWDUHFRUGV,WLVLQWHUHVWLQJWKDWWKHRYHUODSEHWZHHQWKHJURXS
RILQVWLWXWLRQVFUHDWLQJPHWDGDWDUHFRUGVDQGWKHJURXSRILQVWLWXWLRQVHGLWLQJUHFRUGVLVTXLWHPRGHUDWHRQO\










































:KLOH WKH FRGHV IRUPRGLI\LQJ LQVWLWXWLRQV LQ WKH ILHOG  VXEILHOG G UHSUHVHQW D YDULHW\ RI GLIIHUHQW
LQVWLWXWLRQVUHVSRQVLEOHIRUHGLWLQJWKHUHFRUG±OLEUDULHVYHQGRUVDQGRWKHUV±PRVWRIWKHHGLWLQJZDVIRXQG
WRRULJLQDWH IURP WKH2&/&WHDPWKURXJKYDULRXV RIWHQDXWRPDWHGRUVHPLDXWRPDWHGSURFHVVHV7KLV LV
LQGLFDWHG E\ WKH KLJK SURSRUWLRQ RI FRGHV ³2&/´ ³2&/&$´ ³2&/&)´ ³2&/&*´ ³2&/&2´ DQG ³
2&/&4´DGGHGWRILHOGVXEILHOGV GZH IRXQG WKDWRQO\RI LQVWDQFHVRIDVXEILHOG LQRXU
VDPSOHRIUHFRUGVKDGWKHGDWDYDOXHRWKHUWKDQDQ\RIWKH2&/&DIILOLDWHGRQHVOLVWHGDERYH)LJXUH
7KLV ILQGLQJ LV LQ OLQH ZLWK DJJUHJDWHG VWDWLVWLFDO GDWD SRVWHG E\ 2&/& IRU DOO RYHU  PLOOLRQV RI




DFDGHPLF OLEUDULHV 6WDQIRUG  8QLYHUVLW\  /LEUDU\  67)  'XNH  8QLYHUVLW\  /DZ  /LEUDU\ 1'/ 1RUWK
&DUROLQD 6WDWH8QLYHUVLW\ 15& 8QLYHUVLW\ RI:DVKLQJWRQ /LEUDU\ :$8 &ROXPELD 8QLYHUVLW\ =&8
%ULJKDP<RXQJ8QLYHUVLW\/LEUDU\8%<(PRU\8QLYHUVLW\(087H[DV6WDWH8QLYHUVLW\DW6DQ0DUFRV
7;,8QLYHUVLW\RI&DOLIRUQLDDW6DQ'LHJR&868QLYHUVLW\RI&KLFDJR&*8HWF$VVKRZQLQ)LJXUH
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%DVHGRQ WKHREVHUYDWLRQVREWDLQHG IURPRXUDQDO\VLVRI0$5&PHWDGDWD UHFRUGV LWFDQEHDUJXHG WKDW
PHWDGDWDTXDOLW\KDVEHHQHQKDQFHGHVSHFLDOO\ WKHFRPSOHWHQHVVDFFXUDF\DQGFRQVLVWHQF\RI UHFRUGV7KH
KLJKOHYHORIRFFXUUHQFHRI$1)DQG$16PHWDGDWDFKDQJHVXEFDWHJRULHVSRLQWVWRLQFUHDVHGFRPSOHWHQHVV
0DQ\RI WKHDPHQGPHQWVRI WKHGDWDYDOXH WKDWZHREVHUYHGLQYDULRXVILHOGVHLWKHUFRUUHFWHGW\SRJUDSKLFDO





6XEMHFW7HUPLQRORJ\)$67KHDGLQJV7KLVNLQGRIPHWDGDWDFKDQJH LPSURYHV LQIRUPDWLRQDFFHVV WKURXJK
DGGLQJ DGGLWLRQDO DFFHVV SRLQWV WKXV LQIOXHQFLQJ WKH FRPSOHWHQHVV RI WKH UHFRUG $ FRGH ³2&/&$´ LV
DXWRPDWLFDOO\DGGHG WR ILHOGVXEILHOGGZKHQRQHRUPRUHRI LQFOXGHGFRQWUROOHGYRFDEXODU\KHDGLQJV
UHSUHVHQWLQJ D QDPH RI DQ\ NLQG D WRSLF RU D JHQUH FKDQJHV LWV IRUP LQ WKH VRXUFH FRQWUROOHG YRFDEXODU\
HJ /&6+ HWF DQG LV UHSODFHG WKURXJK DXWRPDWHG SURFHVVHV LQ WKH UHFRUG LWVHOI
KWWSZZZRFOFRUJFRQWHQWGDPVXSSRUWFRQQH[LRQGRFXPHQWDWLRQFOLHQWFDWDORJLQJFDWTXLFNUHIFRQQH[LRQFOLHQWTXLFNUHISGI WKLVNLQGRI
PHWDGDWDFKDQJHVXSSRUWVFRQVLVWHQF\RIPHWDGDWDUHFRUGV 7KHFRGHV³2&/´³2&/&4´³2&/&*´LQWKH
ILHOG G LQGLFDWHV VRPH RWKHU FKDQJHVPDGH WR WKH UHFRUG E\ 2&/&4XDOLW\ &RQWURO *URXSZKLFK IRU H[DPSOH
LQFOXGHVPHUJLQJWZRGXSOLFDWHUHFRUGVPDQXDOO\FRUUHFWLQJPLVWDNHVLQWKHUHFRUGRUDGGLQJPLVVLQJDFFHVVSRLQWV
)LJ*HRJUDSKLFGLVWULEXWLRQRILQVWLWXWLRQVFUHDWLQJDQGHGLWLQJPHWDGDWDUHFRUGVGDWDYDOXHVIURPILHOGVXEILHOGVDDQGG
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)LJ0HWDGDWDFKDQJHLQUHODWLRQWRPHWDGDWDTXDOLW\
VXFKDVVXEMHFWKHDGLQJVHWFUHSODFLQJQDWXUDOODQJXDJHIRUPRIWKHQDPHZLWKWKHDXWKRUL]HGIRUPRIWKLVQDPH






























FULWHULD RI PHWDGDWD TXDOLW\ FRPSOHWHQHVV DFFXUDF\ DQG FRQVLVWHQF\ ZKLOH 'HOHWLRQ PDLQO\ LPSURYHV WKH
DFFXUDF\RIPHWDGDWDUHFRUGVDQG$GGLWLRQPRVWO\FRQWULEXWHVWRFRPSOHWHQHVV)LJXUH7KHPDMRULW\RYHU
KDOIRIDOOLQVWDQFHVRIPHWDGDWDFKDQJHREVHUYHGLQRXUVWXG\EHORQJVWR$GGLWLRQFDWHJRU\ZKLFKDOORZVXV
WRPDNH D FRQFOXVLRQ WKDW FRPSOHWHQHVV RIPHWDGDWD LPSURYHG LQ WKH KLJK SURSRUWLRQ RI WKH UHFRUGV LQ RXU
VDPSOH2XU DVVXPSWLRQ EDVHGRQ H[LVWLQJ VWXGLHV LV WKDWPHWDGDWD FKDQJH LQ WKH$GGLWLRQ FDWHJRU\ZRXOG
LQFUHDVH WKH QXPEHU DQGRU TXDOLW\ RI DFFHVV SRLQWV WR LQIRUPDWLRQ REMHFW IRU WKH XVHU DQG WKHUHIRUH ZLOO
FRQWULEXWHWRWKHKLJKHUOHYHORIXVH)RUH[DPSOHDVWXG\FRQGXFWHGLQDXQLYHUVLW\OLEUDU\VHWWLQJGLVFRYHUHG
WKDW DGGLWLRQ RI WKH VXPPDU\ 0$5& ILHOG  DQG WDEOH RI FRQWHQWV 0$5& ILHOG  ILHOGV LQ WKH
HOHFWURQLF ERRNV H %RRNV UHFRUGV LQFUHDVHG WKHLU XVDJH FRPSDUHG WR WKRVH H%RRNV ZLWKRXW WKHVH UHFRUG
HQKDQFHPHQWV6XFKHQKDQFHPHQWVFDQEHWHUPHGDVDPHWDGDWDFKDQJHIDOOLQJXQGHUWKH$GGLWLRQFDWHJRU\
6LPLODUUHVXOWVZHUHREWDLQHGLQWZRRWKHUVWXGLHVLQZKLFKDGLUHFWFRUUHODWLRQEHWZHHQHQKDQFHPHQWVLQWKH





















HQYLURQPHQWV RI WKH PHWDGDWD FUHDWRUV:LWK WKLV LQPLQG WKH DELOLW\ WR DFFXUDWHO\ GHVFULEH PHDVXUH DQG
FRPPXQLFDWH FKDQJH HYHQWV GXULQJ WKH OLIHF\FOH RI PHWDGDWD DVVRFLDWHG ZLWK ERWK GLJLWDO DQG QRQGLJLWDO
REMHFWVZLOOEHLQFUHDVLQJO\LPSRUWDQWDQGSURYLGHVWKHUHVHDUFKFRPPXQLW\ZLWKDXVHIXOEHQFKPDUNWRDVVHVV
WKHTXDOLW\RI0$5&RUQRQ0$5&PHWDGDWDUHFRUGV
7KLV VWXG\ XVHG 5'$EDVHG 0$5& PHWDGDWD UHFRUGV IRU (QJOLVKODQJXDJH DQG (QJOLVKODQJXDJHRI
FDWDORJLQJ'9'YLGHRUHVRXUFHV)XWXUHUHVHDUFKZLOOQHHGWRHYDOXDWHWKHPHWDGDWDFKDQJHIRURWKHUW\SHV
RIPDWHULDOV LQYDULRXVODQJXDJHVDQGFDWDORJHGE\LQVWLWXWLRQVIURPERWK(QJOLVKVSHDNLQJDQGQRQ(QJOLVK
VSHDNLQJ FRXQWULHV $VPRUH WLPH SDVVHV DIWHU WKH UHODWLYHO\ UHFHQW VKLIW WR QHZ FDWDORJLQJ VWDQGDUG 5'$
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